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(54 « Ti tle of Invention 

Method for Measuring Polynucleotides Using Luminescent Substances 
{b7 . C laim s 

1. A method for measuring polynucleotides characterized by contacting the single- 
stranded polynucleotide being measured with a labeled polynucleotide, which is a single- 
stranded polynucleotide that can form a double-stranded polynucleotide with the single-stranded 
polynucleotide that is the object of measurement and to which luminescent substance 1 is. 
bonded directly or indirectly and to which luminescent substance 2, which emits light on being 
excited by luminescent substance 1, is also bonded, to form a double-stranded polynucleotide; 



allowing a doubJe-stranded p lynucleotide r striction nzyme to act on this double-stranded 
polynucleotide and cut it; and measuring the luminescence of luminescent substance 1 or 2. 

2. Th measur ment method of Claim 1 wh rein lumin sc nt substanc 2 is a fluores- 
cent substance. 

D etailed Explanation of the Invention 
Obiect of the invention 
Industrial field of use 

The measurement of deoxyribonucleic acid (DNA) and ribonucleic acid (RNA), which 
have specific structures, is important in the field of biochemistry. For example, tests for viral 
infections or the discovery of a genetic disease can be carried out by measuring the DNA m 
human blood serum. The present invention provides a method for measuring the specific 
siructures of such DNA and RNA easily and accurately. 

Pnor art and problems that this invention will solve 

In the past, the following method was used to measure this DNA or RNA. Single-stranded 
DNA (S-DNA) or single-stranded RNA (S-RNA) obtained by denaturing the specimen was 
bonded to a solid phase. Then S-DNA or S-RNA labeled with radioisotopes was allowed to act on 
this solid phase to form a hybrid with the S-DNA or S-RNA of the solid phase. Then the 
unreacted labeled S-DNA or S-RNA was removed, and the radiation of the solid phase was 
measured This method required numerous processes such as fixation and washing when 
measunng. and fixation of the sample in particular took a long time, so there were problems in 
both the labor and time required by the operations. 

Recently, however, a technique for measuring polynucleotides by cutting the DNA probe 
short bonding a fluorescent substance that transfers energy at the 5*- and 3 '-positions of that, 
causing energy transfer by the hybrid, and measuring fluorescence by that has been developed 
(Japanese Patent Kokai Publication Sho 58-40099). However, the problems of this method were 
thai the probe was cut short, so its specificity declined, and there was also little fluorescence, so 
sensitivity was not sufficient. 

As a result of various investigations to develop a method that was not attended by such 
problems, the present inventors submitted the method of bonding a single-stranded polynucleo- 
tide labeled in advance to a sojid phase, allowing a single-stranded polynucleotide obtained by 
denaturing the sample to act on this solid phase and form a hybrid, and cutting the hybrid 
polynucleotide with a restriction enzyme, and they have already applied for a patent on this 
(Japanese Patent Application Sho 58-199702). However, this method still required separation of 
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a solid phase, and esp cially in clinical analyses that treated a large quantity of specimens at one 
time, this s parati n operati n was complicated. 
Constitution f the invention 

The pr s nt invention solves such pr blems by bonding two kinds of luminescent 
substances to a single-stranded polynucleotid hybridiz d with th single-strand d polynucleotide 
that is b ing measured and utilizing the fact that th energy transfer b tween them changes due 
to cutting this polynucleotide. 

Means for solving the problems 

This invention relates to a method for measuring polynucleotides characterized by 
contacting the single-stranded polynucleotide being measured with a labeled polynucleotide, 
which is a single-stranded polynucleotide that can form a double-stranded polynucleotide with the 
single-stranded polynucleotide being measured and to which luminescent substance 1 is bonded 
directly or indirectly and to which luminescent substance 2 that emits light on being excited by 
luminescent substance 1 is also bonded, to form a double-stranded polynucleotide; allowing a 
double-stranded polynucleotide restriction snzyme to act on this double-stranded polynucleotide 
and cut it; and measuring the luminescence of luminescent substance 1 or luminescent 
substance 2 

The object of measurement is a single-stranded polynucleotide (hereinafter called the 
polynucleotide being measured). The polynucleotides that can be measured include DNA and 
RIMA. When the polynucleotide contained by the sample is double-stranded, it must be converted 
to a single strand by an alkali treatment, such as adding sodium hydroxide solution, or by heat 
treatment The kind of sample does not matter, but is, for example, human blood serum, urine, 
tissue extract, or the like. When there is concern that the polynucleotide is bound to a protein . as 
in the case of human blood serum, the sample should be treated with protease, etc., to separate 
the protein 

The single-stranded polynucleotide that is contacted with this polynucleotide bemy 
measured (hereinafter called the labeled polynucleotide) is one with luminescent substance 1 
bonded to it directly or indirectly, and luminescent substance 2 that emits light upon being excited 
by luminescent substance 1 also bonded to it. and it can form a double-stranded polynucleotide 
with the polynucleotide being measured. Consequently, this labeled double-stranded polynucleo- 
tide is a probe for the polynucleotide being measured. This labeled polynucleotide may oe 
obtained by denaturing a double-stranded polynucleotide that contains the polynucleotide being 
measured by alkali or heat treatment, or it may be obtained by successively bonding each 



3 



nucleotide in the presence of the polynucleotide b ing measur d, DNas I, and DNA polymerase 
I 

Luminescent substance 1 may be a fluor scent or phosphorescent substance thai 
absorbs light from the outside and emits light, or it may be a cherniluminesc nt or biolumin scent 
substance that emits tight by a chemical reaction such as oxidation. 

Luminesc nt substance 2 mits light up nb ing xcit d by lumin scent substance 1 . 
Consequently, it is a fluorescent substance or a phosphorescent substance. 

The fluorescent substances that can be used for luminescent substance 1 and lumines- 
cent substance 2 usually emit light when excited by a wavelength of about 320-600 nm. As 
examples of such fluorescent substances, fluorescein, rhodamine, dansyl chloride, fluoresca- 
mtne coumarin, acridine, NADPH, NADH, benzoxadiazole, triarylmethane, pyrines, and 
derivatives and activated forms of these can be mentioned. 

As examples of chemiluminescent substances that can be used for luminescent 
substance 1. luminol, isoluminol, acridinium. hydroperoxide, porphyrin, indol-3-ylhydroperoxide, 
2,4 5-tnphenylimidazole, and derivatives of these can be mentioned. As examples of bioiumines- 
cent substances, luciferin that emits light due to luciferase can be mentioned. 

When a chemiluminescent or bioluminescent substance is used for luminescent 
substance 1 . a substance that causes these luminescent substances to emit light directly or 
indirectly can be bonded to the labeled substance. For example, when luciferin is used for 
luminescent substance 1, luciferase or its substrate can be bonded and the luciferin caused to 
emit light by its action. 

In the method of this invention, luminescent substance 2 is excited by luminescent 
substance 1, so a combination with such a relationship must be selected. As an example of 
such combinations, fluorescein and rhodamine can be mentioned. Fluorescein is excited Oy light 
of a wavelength of 430-530 nm and fluoresces light of a wavelength of 500-560 nm. On the 
other hand, rhodamine is excited by light of a wavelength of 530-580 nm and fluoresces light of a 
wavelength of 560-620 nm. Consequently, if a mixture of these is exposed to light of a wave- 
length of 430-530 nm, fluorescence of 560-620 nm is seen in addition to fluorescence of 600-560 
nn 

The method used to bond luminescent substance 1 to the labeled polynucleotide directly, 
or indirectly by means of biotin-avizen [sic; avidin?] and the method used to bond luminescent 
substance 2 to the labeled polynucleotide may be the known methods of preparing labeled DNA. 
For example, one need only introduce the luminescent substances into a mononucleotide to give 
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a modified nude tide, then mix an unmodified mononucleotide in this, and convert these to a 
polynucleotide by the nick translation method or by the method of chemical synthesis of 
polynucleotides. In addition, one may produce a polynucle tide by nick translation or by cDNA 
pr parati n with E. co// f activat on of th lumin scent substanc s, and react its active group 
with the p lynucleotide. As meth ds of bonding the lumin scent substances, not only the method 
f dir ctly bonding them to the polynucleotide, but also indirect methods such as bonding th 
biotin of biotin-avidin to the polynucleotide, bonding avidin to the luminescent substance, and 
bonding these utilizing the reaction of this biotin and avidin may be adopted. 

The method of this invention is characterized by causing transfer of energy from 
luminescent substance 1 to luminescent substance 2. In order to cause efficient energy transfer, 
it is preferred to bond luminescent substance 1 and luminescent substance 2 to the polynucleo- 
tide so that the space between the two is no more than 50 A, and therefore within 24-26 bases 

Contacting such a labeled polynucleotide with the polynucleotide being measured causes 
a double-stranded polynucleotide to form. The contact time will usually be enough so that (he 
polynucleotide being measured can react sufficiently with the labeled polynucleotide and form a 
hybrid For example, about 0.5-40 hours is suitable. The temperature should be about 20-70 C 
and the pH about 5-9. 

After formation of the double-stranded polynucleotide, a double-stranded polynucleotide 
restriction enzyme (hereinafter simply referred to as the restriction enzyme) is allowed to act on 
this This restriction enzyme should act specifically on the double-stranded polynucleotide alone. 
Also one whose recognition polynucleotide chain is not too long is preferred. One kind o? 
restriction enzyme may be used alone, or two or more kinds may be used together. The time 
when the restriction enzyme is allowed to act is usually after the conclusion of the reaction 
between the polynucleotide being measured and the labeled polynucleotide, but in some cases it 
may be added to the reaction system at the same time as the polynucleotide being measured or 
befo-e that 

After Jhe restriction enzyme has been allowed to act, the luminescence of luminescent 
substance 1 or luminescent substance 2 is measured. One need only measure its intensity using 
an ordinary fluorescence photometer. 

Actio n 

The labeled polynucleotide forms a hybrid with the polynucleotide being measured Due 
to -the formation of this hybrid, the restriction enzyme acts, cutting this double-stranded polynucle- 
otide As a result, the luminescent substance 1 and luminescent substance 2 bonded to the 
polynucleotide being measured are divided and move about in the solution separately, so energy 



transf r no longer occurs. Hence, the luminescence intensity of luminescent substance 1 no 
longer decreases, while luminescent substance 2 no longer emits light. 
Effects of the inv ntion 

The method of this invent! n utilizes th n rgy transfer from iumin scent substance 1 to 
lumrnescent substance 2. and since the luminesc nee wav I ngth of luminescent substanc i 
differs from that f luminescent substance 2. the Iumin scene of the two can be quantified 
separately. As a result, unlike the method of the previous application, separation of solid and 
l.qu.d phases and also the washing operation which attends that are unnecessary. 

The method of this invention, unlike the methods of the prior art. entails no complicated 
operat,on of fixing the polynucleotide being measured to a solid phase. Even compared w.th the 
method of the previous application, it has been further simplified in that a solid-liquid separate 
operation ,s unnecessary. The reagents and equipment used in the method of this invention are 
*asy «o assemble as a kit. and polynucleotides such as DNA can be measured practically and 
simply using this kit. 

Practical examples 

(1) Preparation of HBV-DNA probe 

Pooled serum (500 mL) of chronic hepatitis B patients was centrifuged at 9.000 r P m for 
15 m,n. the supernatant obtained was centrifuged at 4^C and 100.000 x g for five hours and the 
heoatrtis B virus (HBV) was co.lected as a pellet. This pellet was dissolved in 10 mL of a 0 01 M 
TR.S-hydrochloric acid buffer (pH 7.5) containing 0.1 M NaCI. 1 mM EDTA, 0.1% 2-mercapto- 
ethanol. and 0.1% BSA. Five milliliters of this virus so.ution was stored, and the remaining 5 mL 
was again centrifuged at 100.000 x g for five hours to obtain a pellet. 

This pellet was treated with 200 „L of a solution (pH 7.5) of 10 mM TRIS-hydrochlonc 
acid and 0.1 M NaCI containing 0.5% NP-40 to activate the DNA polymerase. To this solution 
was aoded 50 „L of 0.08 M MgCI, and 0.2 M TRIS buffer solution (pH 7.5) containing 1 mM 
dATP. 1 mM dTTP. 2.5 mM »PdGTP. and 2.5 uM »PdCTP. and th.s was heated for three hours 
Th,s solution was superposed in a centrifuge tube containing a 30% sucrose solution and 
ceninfuged at 50.000 rpm for three hours with a SW65 rotor (manufactured by Beckman) to 
obtam a pellet. This pellet was treated with Pronase. and the solution obtained was extracted 
twice w.th phenol. This extract was centrifuged at 50.000 rpm for three hours with a 5-20% 
sucrose gradient, the 15S »PDNA fraction was collected, and this was pooled. The 15S *PDNA 
was precipitated from this fraction using ethanol and dried to obtain the HBV-DNA that was the 
objective. 
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(2) Preparation f modifi d HBV-DNA by nick translation 

Next, 1 ^g of HBV-DNA obtained in (1), 100 pg of DNase t, and 100 pg of DNA polymer- 
ase I were added t 100 ^L of 50 mM TRIS-HCI buffer (pH 7.5) containing 5 mM MgCI ? , 10 mM 
2-mercaptoethanol ( 5 oTTP, 5 dGTP, 5 M M dCTP. 5 fJJ\ dATP, 10 aminohexyl dATP, 
and 10 ./M of aminohexyl dCTP, and this was incubated at 15°C for 90 minutes. This solution 
was extracted with phenol and purified with a Sephadex G-50 column to obtain modified HBV- 
DNA 

Then 8 mL of formamide was added to 1 mg (1 mL) of this double-stranded HBV-DNA 
and 5 mg (2 mL) of single-stranded M13-phage DNA into which HBV-DNA had been introduced, 
and this mixed solution was boiled for five minutes. Next, 2 mL of buffer (0.07 moI/L TRIS-HCI, 2 
mol;L NaCI. 1,5 mM EDTA, pH 7.5) was added to this and heated at 50°C for four hours and also 
at 60 C for one hour. 

This reaction solution was gel filtered with Bio-Gel A50m to separate the hybrid DNA and 
unreacted DNA. The initial peak that eluted close to the void fraction was fractionated, and 
powder was added to this and dissolved so that the NaCI become 0.1 M. Then 100% ethanol (2 
mL) was also added at a ratio of two times the solution (1 mL), and this was allowed to stand at 
-70 C tor two hours. Next, this solution was centrifuged at 17,000 x g for 10 minutes, and tne 
ethanol precipitate was dissolved with 50 mL of 0.1 N NaOH, 0.25 mM EDTA, and 0.001% 
phenol red Immediately this was gel filtered with Bio-Gel A50 to obtain the single-stranded HBV- 
DNA that was the objective. 

(3) introduction of luminescent substances 

Two milliliters of 0.1 M carbonate buffer (pH 10.0) containing 100 ^g of the single- 
stranded HBV-DNA obtained in (2) was mixed in 100 of DMF buffer containing 1.0 /<g each of 
rhodamine isothiocyanate and fluorescein isothiocyanate, and this was reacted at 4 B C for " 8 
hours This product was gel filtered with Sephadex G-50 to obtain 100 of single-stranded 
labeled HBV-DNA into which fluorescein and rhodamine had been introduced. 

(4) Measurement of human serum HBV-DNA 

Then 100 ^L of 0.5 N NaOH was added to 100 mL of serum from a viral hepatitis B 
patient and stirred for 10 minutes at room temperature. Next, 100 p*L of 0.5 N HCI was added 
and 200 ..L of 200 pigimL proteinase K solution was also added. This was reacted at 70 C for 
one hour. One hundred microliters of a solution containing 10 ng of single-stranded labelea HBV- 
DNA to which the luminescent substances fluorescein and rhodamine were bonded, prepared in 
paragraph (3) above, was added, and this was allowed to stand at 37 °C overnight. To this i .0 
mL of d-DNA restriction enzyme solution (1 U/mL each of Bgl II, Ava II, Hae II, Hae [ifleg.], Hap M, 
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and.Hinc II. 10 mM TRIS-HCI, 7 mM MgCI 2l 70 mM NaCI, and 7 mM 2-mercaptoethanol. pH 7 5) 
was added and reacted at 37°C for one hour. The reaction product was exposed to 470-nm light, 
and th fluor sconce intensity of 600 nm was measured. 

The figure sh ws the results obtained. The vertical axis repres nts relative fluorescence 
intensity, and the horizontal axis represents the d gree of diluti n of the s rum. 

Next, the amount of HBV-DNA in each serum measured by th method of this invention 
and by the method using radioisotopes of the prior art are shown. 
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Bne r Descnpuon of the Figure 

The figure shows an example of the relation between the relative fluorescence intensity of 
luminescent substance 2 measured by the method of this invention and the dilution ratio of the 
serum 
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a) Relative fluorescence intensity (%) 

b) Horizontal axis: Dilution ratio of serum 
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